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Experimental Section
Chemical and Materials. Gold chloride (HAuCl 4 •4H 2 O), Tris (2-carboxyethy) phosphine hydrochloride (TCEP), and Hexanethiol (HT) were obtained from Sigma (St. Louis, MO, USA). The HPLC-purified oligonucleotides were purchased from Tsingke (Beijing, China) and Sangon Inc. (Shanghai, China), and Table S1 showed the oligonucleotides sequences used in the experiment. Tris-HCl buffer (20 mM Tris, 1.0 mM MgCl 2 , 1.0 mM CaCl 2 , 140 mM NaCl, 5 mM KCl, pH 7.4) was utilized to dilute oligonucleotides. 5xTBE buffer (250 mM Tris, 250 mM H 3 BO 3 , 10 mM EDTA, pH 8.0) was used to perform polyacrylamide gel electrophoresis (PAGE) experiments.
Phosphate buffered solution (PBS) buffer (100 mM Na 2 HPO 4 , 100 mM KH 2 PO 4 , 100 mM KCl, pH 7.0) and [Fe(CN) 6 ] 3-/4-solution (20 mM Tris-HCl, 5 mM K 3 [Fe(CN) 6 ], 5 mM K 4 [Fe(CN) 6 ], pH 7.4) were applied to accomplish the performance measurements of the electrochemical biosensor. TM buffer (10 mM Tris-HCl, 50 mM MgCl 2 , 1 mM TCEP, pH 8.0) and TAE buffer (20 mM Tris-HCl, 20 mM CH 3 COOH, 1 mM EDTA, 12.5 mM Mg(OAc) 2 ) were used to construct the DNA tetrahedrons nanoprobe (DTNP) and the triplex-forming oligonucleotide (TFO) separately. 
Apparatus and Measurements. Cyclic Voltammetry (CV), Electrochemical
Impedance Spectroscopy (EIS) and Square Wave Voltammetry (SWV) were carried out by employing a CHI760E electrochemical workstation (CH Instruments, Shanghai, China) with a three-electrode arrangement (with a platinum wire as the auxiliary, a saturated calomel electrode as the reference, and the modified glass carbon electrode (GCE) as the working electrode). Polyacrylamide Gel Electrophoresis (PAGE) was
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accomplished by a Bio-Rad imaging system (Hercules, CA, USA). Ultraviolet-visible (UV-vis) spectra was performed by a UV-2501 PC Spectrometer (Shimadzu, Japan) and the fluorescence spectra was carried out with an F-2500 fluorescence spectrophotometer (Hitachi, Assembly of the proposed Biosensing Platform. First, the bare glassy carbon electrode (GCE, 4 mm in diameter) was carefully polished with alumina slurry (0.3 μm and 0.05 μm) and sonicated with ethanol and deionized water. After that, the cleaned GCE was immersed into a HAuCl 4 aqueous solution (1%) and electrodeposited at −0.2 V for 30 s to obtain gold particles (depAu).
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Subsequently, 10 μL of the DTNPs solution (1.0 μM) was dropped onto the electrode surface (depAu/GCE) and immobilized through Au−thiol interactions overnight at room temperature. After cleaning with TM buffer, the electrode was incubated with HT (1 mM) for 30 min to block the remaining active sites of electrode and then rinsed by ethanol and deionized water water for three times. Then the finished electrode (HT/DTNP/depAu/GCE) could be used for measurements.
Detection of Target miRNA based on the Enzyme-free Target Recycling
Amplification (EFTRA). At first, the mixture of FS, AP and LS (3.0 μM) in TAE buffer (optimal pH) was heated to 95 o C for 10 min and then cooled down to room temperature for 60 min to form the three-strand DNA duplex (double helix). Then target miRNA-21 and TS (C) were added to the mixture above to react at 25 o C, from which the input target miRNA can convert into lots of output Fc-labeled product LS (B). At last, the DTNP-modified electrode was incubated with 10 μL of the reacted mixture to capture the LS (B) onto the electrode surface and then rinsed by the TAE buffer for subsequent experiments.
Cell Culture and Total RNA Extraction. The HeLa and MCF-7 cancer cells applied in this study were obtained from the cell bank of the Chinese Academy of Sciences (Shanghai, China). According to the manufacturer's instructions, the cancer cells were cultured in RPMI 1640 medium (Thermo Scientific Hyclone, USA) with the addition of 10% fetal calf serum (FCS), 100 U·mL -1 penicillin and 100 μg·mL -1 streptomycin at 37 °C in 5% CO 2 incubator. Then, the total RNA samples were extracted from the cancer cells by using the Trizol Reagent Kit (Sangon, Inc.,
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Shanghai, China) on the basis of operating instructions. At last, the obtained cellular extracts were stored at −80 °C when not in use.
Polyacrylamide-Gel Electrophoresis (PAGE). Firstly, the DNA samples were mixed with the DNA-loading buffer (volume ratio 5:1), then the dynamic DNAassembled products were analyzed by polyacrylamide-gel electrophoresis (PAGE) on a freshly prepared 16% or 8% polyacrylamide gel in 1× TBE buffer (pH 7.0 or 8.0) at 60 mA.
Characterization of the EFTRA, DTNP and TFO
The feasibility of EFTRA, DTNP and TFO was characterized by PAGE. As 
S8
Then the PAGE analysis of DTNP was displayed in Fig. S1B . The obvious bands in lanes 1-4 correspond to the A17, B17, C17 and D17, respectively. After these four DNA strands were mixed to form DTNP by rapid solution annealing, only one obvious band with very low mobility corresponding DTNP could be noticed (lane 5), verifying the DTNP was successfully formed. And the TFO was characterized by both PAGE and UV-vis absorption spectra. As 
Electrochemical Characterization of the Proposed Biosensing Platform
The CV and EIS were used to characterize the stepwise fabrication of the biosensing platform. As displayed in Fig 
Characterization of the Electrode Surface
We employ the atomic force microscope (AFM) to further verify the process happened on the electrode surface. As shown in Fig. S4 , compared with the depAu (A), the height and the morphology of the DTNP/depAu (B) are slightly higher and more blurry at the edge of Au nanoparticles, respectively, sufficiently implying the DTNP was successfully modified on the depAu. 
the electroactive area A can be expressed as eqn (2) .
where n is the number of electrons involved (n=1), D is the diffusion coefficient (6.72×10 −6 cm 2 s −1 , 25 ℃), and C is the concentration of ferricyanide (5 mM). Thus the electroactive area A of the modified electrode was calculated as 21.5 mm 2 . Secondly, according to the previous report 6 , the CC studies were performed and S13 the density of DTNP Γ ss was calculated by using the following eqn (3) and (4) .
And N A is Avogadro's number, n is the number of electrons, A is the electroactive area, m is the number of nucleotides in the DNA and z is the charge of the redox molecule. Q total and Q dl are obtained from the plot of the charge (Q) versus the square root of scan time (t 1/2 ), as shown in following Fig. S6 . So the density of DTNP on depAu/GCE in this work is 5.5×10 11 molecules cm -2 . 
Optimization of Experimental Conditions
Because the accuracy and the sensitivity of this proposed biosensing platform largely depend on the efficiency of the EFTRA and the formation of TFO, four experimental parameters including the reaction time, pH of TFO forming and additional pH of TFO unwinding, and the reaction time of the EFTRA were optimized.
Firstly, as shown in Fig. S7A , with the increase of the reaction time of the TFO S14 forming, the current response increased and reached a maximum after 90 min because of the reaction equilibrium, therefore the reaction time of the formation of TFO was fixed at 90 min. Moreover, as shown in Fig. S7B , the current response slightly increased with the pH of TAE buffer increased from 5.5 to 7.0 and reached the maximum at pH = 7.0, showing the optimal pH for TFO was 7.0. And with the pH of TAE buffer changed from 8.5 to 10.5 after TFO was formed, the current response decreased obviously and reached a plateau after the pH = 10.0 (Fig. S7C) , confirming that overly alkaline TAE buffer could promote the TFO dissociation and the optimal pH for this process was 10.0, thus the optimal pH of TAE buffer for regeneration of the DTNP was fixed at 10.0. Then the effect of the EFTRA reaction time was also studied by SWV. The current response increased with the increase of the reaction time and reached a plateau after 120 min, suggesting the reaction equilibrium after 120 min (Fig. S7D) . As a result, the optimal reaction times of TFO forming and EFTRA were fixed at 90 min and 120 min separately, and 7.0 and 10.0 were chosen the optimal pH of TAE buffer for the TFO forming and unwinding respectively. 
[F1F2] = a × c (6) [F3] = a × c
Where a and c represent the dissociation degree of TFO and the concentration of 
Then based on the equation (8), the K d of TFO was ultimately obtained with the value of 6.4×10 -8 M which was similar to the previous report, 9 and the affinity constant K a can be estimated as 1.56×10 7 M -1 . respectively. And as displayed in Fig. S9B , the prepared biosensing platform showed a relatively low SWV intensity without the presence of target miRNA (curve a).
However, when the biosensing surface was modified with reacted solutions after the EFTRA was triggered by target, the SWV signal increased significantly (curve b), demonstrating this biosensing platform is qualified for further detecting target miRNA based on the EFTRA. 
Measure of Experimental Conversion Efficiency of EFTRA (N)
To obtain the experimental conversion efficiency of EFTRA (N), we firstly carried (Table S6) . 
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Then based on the regression equation of current response to the concentration of LS (B) and target miRNA respectively, the experimental conversion efficiency of EFTRA (N) was obtained (Table S2) .
Computation of the Theoretical Conversion Efficiency of EFTRA (N')
To compute the theoretical conversion efficiency of EFTRA (N'), we introduced .
Then by solving this two equations (9) and ( Table S2 . 
Theoretical and Experimental Conversion Efficiency of
Calculation of Detection Limit for the miRNA Biosensing
On the basis of IUPAC definition, we have calculated the limit of detection according to equation (11), the calibration plot ( (12) In this paper, specifically, the SWV measurements for blank samples were executed with ten parallel tests and the results were shown in Table S6 . In order to further study the performance of this proposed biosensor with mismatches comprehensively, the reproducibility, specificity and stability of the biosensing platform were validated. To confirm the reproducibility of the biosensor, the necessary index for a real biomarker detection, four prepared biosensors with 1 nM miRNA-21 were studied under the same determination condition. As displayed in 
Real Application of the Developed Biosensor in Cancer Cells
The capacity of the developed biosensor for determination of miRNA-21 in real biological samples was studied by taking the total RNA extraction solutions from the human cancer cell lines (MCF-7 and HeLa). As shown in Fig. S13 , the SWV response gradually increased as the cell numbers increased, exhibiting a significant expression level of target miRNA-21 from MCF-7, however, in blank sample and HeLa cells, no obvious SWV responses were noticed, suggesting a relatively low expression level compared to MCF-7. The above results were consistent to previous research, [12] [13] [14] further suggesting this quantification of miRNA-21 in cancer cells possesses the key potential for clinical diagnosis of cancers. 
The Reversible pH-switching of the Developed Biosensing Platform
Actually, under the optimal pH, we also studied the reversibility of the proposed biosensing platform. When incubated with the blank TAE buffer (pH= 10.0), the DTNP could be regenerated by the dissociation of the TFO on the electrode surface at such pH. As displayed in Fig. S14A , after the TFO was formed at pH=7.0, an obvious SWV response (curve b) could be observed in comparison with the initial blank current response of the independent DTNPs (curve a). However, after immersing in the TAE buffer at pH=10.0, the current response of the electrode (curve c) decreased about 90% comparing with curve b and reversed to be unobvious and similar to the initial one (curve a), demonstrating the successful regeneration of the biosensor.
Significantly, the reversible prepared biosensing platform was assessed for seven times, with a regeneration-rate range from 89.01% to 90.56% (Fig. S14B) , which further implied the good reversible pH-switching of the biosensor and suggested that the biosensing platform could potentially be reused for many times. 
